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properly and completely, it must be previously heated
to such a temperature as converts it completely into
solid solution. This means that the temperature of the
steel must be raised, before quenching, to such a height
that all the free iron has dissolved in the solid solution.
This is to say, that the steel must be heated at least to
the temperature indicated by the upper critical point.

Most of what has been said above regarding the struc-
tural changes in steel, applies to those changes which occur
while the steel cools, but the reverse changes in structure
produced during heating are exactly similar, although
they do not necessarily occur quite at the same temperature
during heating as during cooling. The correct hardening
temperature, therefore, of a piece of steel is the upper
critical temperature, since this is the temperature at
which the steel has been transformed completely into
the form of one constituent. The diagram in Fig. 27
shows on the line ABCD the temperature at which the
upper critical point occurs in the various carbon steels,
and therefore shows what is the theoretically correct
hardening temperature. For practical purposes, it is
customary to quench steels with not more than 0"9 per
cent, of carbon from a slightly higher temperature than
the theoretical. The steels containing free carbide, i.e., all
those with more than 0'9 per cent, of carbon, are usually
quenched from the temperature which is suitable for
steels containing about TO per cent, of carbon. This
temperature is below the theoretical hardening temperature
for the steels containing the higher proportions of carbon,
and is chosen for strictly practical reasons, which do
not affect the theoretical principles in any way (see
Chapter IX on " Tool Steels ").

The above discussion has given some account of the
facts which make it possible for steel to be hardened,
and, as stated above, hardening underlies all those various
heat treatments which are carried out with the intention
of improving the physical properties of steel. It also
gives some reasonable explanation of the fact that steels